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Description 

The invention relates to applicators (or radially ex- 
pandable luminal endoprostheses and more particularly 
for vascular endoprostheses, and especially stents. 

Since the work done by C. DIDCOTT on the dilation 
and the support of anatomical conduits, the concept of 
dilatable endoprostheses has enjoyed great success, 
and attempts have been made to apply this concept to 
blood vessels of ever finer dimensions. 

One of the most remarkable breakthroughs in this 
field concerns in particular cardiac surgery and the re- 
duction of aneurysms. 

One consequence of the positioning of dilatable en- 
doprostheses in conduits which are more and more dif- 
ficult to access has been increasing demands on the 
part of practitioners, both as regards the quality of the 
products brought onto the market, and also their ease 
of use. 

The reason is that given the complexity of the ma- 
nipulations, the margin of tolerance as regards the po- 
sitioning is reduced. 

One of the problems confronting the practitioner is 
that of exact positioning of the dilatable prostheses in 
situ. 

Applicator devices for endoprostheses are known 
which include a sheath in which the future prosthesis is 
placed in the radially contracted state, prior to its implan- 
tation. A support rod passes through the sheath, inside 
this same prosthesis. To make them easier to trace, 
some applicators include beads or rings of radiopaque 
material, in particular of gold or platinum (as described 
e.g. in US 5 201 901 ) or tantalum (US 5 480 423), which 
are fitted on the support rod, at the distal and proximal 
ends of the prosthesis in its radially contracted shape. 
The disadvantage of these markers lies in their relative 
axial and radial bulk in their price and in the fact that the 
operator has to fully perfect the procedure for deploy- 
ment of the endoprosthesis, whose length, when con- 
tracted, can be very considerable (up to 300%) com- 
pared to its length when deployed. In addition, the var- 
iation in length is also a function of the type and the di- 
ameter of the endoprosthesis. 

SUMMARY OF THE INVENTION 

The object of the invention is to develop a device 
for precise and effective positioning of luminal endo- 
prostheses. 

The subject of the invention is a device for position- 
ing a radially extendable luminal endoprosthesis in an 
anatomical conduit, the device comprising a tubular 
sheath and having a distal end and a proximal end, it 
being possible for a radially extendable endoprosthesis 
to be inserted in this sheath in a radially contracted 
shape, in which device 

the sheath is made up of at least one layer of ma- 



terial and comprises several zones, 
a radiopaque material is incorporated in at least one 
component of at least one of the layers in at least 
one of the zones of the sheath, this at least one layer 
5 extending along most of the distal end of this 
sheath, 

the said sheath comprises, near the distal end, at 
least one zone whose radiopacity is lower than the 
radiopacity of an adjacent zone, and 

10 - at least one boundary limit between two zones of 
different radiopacity is disposed at a predetermined 
distance from the distal end, corresponding to a pre- 
determined position adopted by one of the ends of 
the endoprosthesis when it is in place in its radially 

is extended shape. 

The device of the invention advantageously com- 
prises two boundary limits between zones of different 
radiopacity, each of these boundary limits being dis- 
20 posed at a distance from the distal end of the device 
corresponding to the predetermined position of one end 
of the endoprosthesis when it is in place in its radially 
extended shape. 

It can comprise at least two zones whose radiopac- 
25 ity differs from the radiopacity of an adjacent zone. 

The sheath can comprise a framework, which is 
preferably braided. 

The sheath preferably comprises at least one layer 
of extruded material. 
30 The device advantageously comprises a pusher for 
supporting the endoprosthesis, and a locking member 
able to react when the sheath undergoes a relative dis- 
placement, with respect to the pusher, by a length cor- 
responding to that separating the distal end of the device 
35 and a boundary limit between two zones of different ra- 
diopacity. 

The invention also relates to a device for medical 
use, intended to be introduced into an anatomical con- 
duit, the device comprising a tubular sheath and having 
to a distal end and a proximal end, in which device 

the sheath is made up of at least one layer of ma- 
terial and comprises several zones, 
a radiopaque material is incorporated in at least one 

45 component of at least one of the layers in at least 
one of the zones of the sheath, said layer extending 
along most of the distal end of this sheath, 
- the said sheath comprises, near the distal end, at 
least one zone whose radiopacity is lower than the 

so radiopacity of an adjacent zone, and 

at least one boundary limit between two zones of 
different radiopacity is disposed at a predetermined 
distance from the distal end. 

55 The invention furthermore relates to a method for 
manufacturing a sheath for a device, the method com- 
prising the following operations 
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setting up a mandrel, 

constructing on this mandrel a thermoplastic matrix 
which includes, alternately, at least one segment of 
defined radiopacity and at least one segment of dif- 
ferent radiopacity, 

engaging a heat-shrinkable collar on the matrix, 
subjecting the whole arrangement to a thermal 
treatment which is able to trigger the radial shrink- 
age of the collar and the fusion of the segments of 
the matrix, 

removal of the collar and of the mandrel. 

This method preferably comprises one of the follow- 
ing operations, or both operations: 

prior to thermal treatment, insertion of an internal 
sleeve with a low coefficient of friction, placed be- 
neath the matrix, and 

prior to thermal treatment, insertion of a framework, 
placed beneath the matrix. 

One advantage of the invention is that the practi- 
tioner can accurately evaluate the position of the endo- 
prosthesis during the implantation procedure. 

Another advantage is that the length of the endo- 
prosthesis can be adapted, almost to the millimetre, to 
the lesion which is to be treated. 

The monitoring of a patient is also made consider- 
ably easier, and any side effects can be better detected. 

Practitioners can focus their attention on other fun- 
damental aspects of the operation. 

The markers are incorporated fully within the appli- 
cator, without protruding, thus affording enhanced ma- 
noeuvrability and very precise calibration. 

The time taken for putting the endoprosthesis into 
place is reduced by virtue of the absence of trial and 
error manoeuvres, and this is all to the benefit of the 
patient's health and the cost of the operation. 

The detection marker is very clear on the monitoring 
screen and can even include supplementary codes fa- 
cilitating handling. 

Other features and advantages of the invention will 
be evident from the description of specific embodi- 
ments, with reference being made to the attached fig- 
ures, of which 

Figure 1 is a general view with interruption, parallel 
to the axis of a device according to the invention; 
Figures 2 and 3 are interrupted longitudinal sections 
through the distal and proximal ends, respectively, 
of a device according to the invention, enclosing a 
radially expandable endoprosthesis; 
Figure 4 is a diagrammatic view of an in situ device 
as shown on a monitoring screen; 
Figures 5 and 6 are diagrammatic views in cross- 
section representing stages in the positioning of an 
endoprosthesis using a device according to the in- 
vention; 



Figures 7, 8 and 9 are diagrammatic views in longi- 
tudinal section representing different stages in a 
method for manufacturing a sheath of a device ac- 
cording to the invention. 

5 

One embodiment of a device according to the in- 
vention will be described first with reference to Figures 
1 , 2 and 3. 

Figure 1 shows the general appearance of the de- 
w vice. 

The device as a whole is intended for releasing ex- 
pandable luminal endoprostheses in an anatomical con- 
duit (and in particular an arterial conduit). An endopros- 
thesis 1 is inserted in its radially contracted shape into 

15 a sheath 2 which is here reinforced by a framework 3, 
in this case braided. Other types of frameworks such as 
rings or incised cylinders can be used. 

The length of the sheath 2 is such that its distal end 
4 can be brought, by way of a natural orifice or an inci- 

20 sion, to the site of a lesion that is to be treated. 

The operator manipulates the device by acting on 
its proximal end 5, on which various accessories 6 can 
be fitted by way of a connector or Luer 7. 

The distal end 4 of the sheath 2 is capped with a 

25 non-traumatising tip 8 which facilitates guidance and po- 
sitioning. As can be seen in Figures 2 and 3, and in par- 
ticular in Figure 3, this tip 8 is connected via a hollow 
rod 9 to a flexible pusher 10, for example of polyamide. 
The release manoeuvre is effected as follows: with 

30 the proximal end of the flexible pusher 10 being held in 
place by way of a rigid pusher 11 (which is here made 
of stainless steel), the operator pulls the sheath 2, which 
slides and gradually frees the endoprosthesis 1 from its 
radial constraint. 

35 At this point, the dexterity and experience of the op- 
erator play a crucial role since, to help determine the 
correct positioning of the endoprosthesis 1 , he has only 
a two-dimensional image on a screen, on which the trav- 
el of the sheath 2 is recorded. 

40 The dilation of the endoprosthesis 1 entails a con- 
comitant decrease in its length. The operator must 
therefore have considerable practical experience to be 
able to judge the ideal release position. Moreover, each 
type of endoprosthesis, depending on its mechanical 

45 characteristics, and in particular its nominal diameter, 
has a different factor of shortening. 

The device according to the invention comprises 
two zones whose radiopacity differs from the radiopacity 
of the adjacent zones, namely the radio-detectable 

50 zones 12, 13 incorporated in the sheath 2. 

The release manoeuvre using the device according 
to the invention is performed as described schematically 
with reference to Figures 4, 5 and 6. 

Figure 4 is a diagrammatic representation of an im- 

5S age of the distal end 4 of the device in place in an ana- 
tomical conduit, the image being seen on an operating 
screen. 

The symbols in Figure 4 are used to illustrate the 
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principle of the invention, but do not necessarily corre- 
spond to the concrete reality of the representation on a 
monitoring screen. 

An anatomical conduit 14 with a lesion 15 to be 
treated appears in grey in the figure. 

The sheath 2 also appears in grey, on account of 
the presence, in one of its layers, of a radiopaque ma- 
terial (for example a barium salt such as BaS0 4 ). 

The two radio-detectable zones 12, 13, here formed 
from a segment of the sheath 2 whose layers are without 
radiopaque charge, appear in the form of two clear and 
easily identifiable discontinuities. 

It then suffices for the operator to manoeuvre the 
device via its proximal end 5 so as to bring these two 
radio-detectable zones 12,13 into line with the lesion 
15 (as is shown in Figure 5). By holding the rod 9 in this 
position, the operator slides the sheath 2 backwards so 
that the endoprosthesis 1 deploys in the anatomical con- 
duit 14, precisely adopting the position defined before- 
hand by the radio-detectable zones 1 2, 1 3. 

The rod 9 and the non-traumatising tip 8 are then 
withdrawn through the passage freed by the endopros- 
thesis 1 . 

As is illustrated in Figure 6, the length of the de- 
ployed endoprosthesis 1 differs notably from its initial 
length when radially contracted. 

Because the endoprosthesis 1 is released in its ide- 
al position, the trial and error manoeuvres are reduced 
to a bare minimum, and the operator is able to concen- 
trate on more tricky aspects of the operation. 

As can be seen in Figure 3, a groove 200 is dis- 
posed on the pusher 11 . This groove 200, cooperating 
with a stud 201 situated on the Luer 7, forms a locking 
device which, at the moment of disengagement of the 
sheath 2, provides the operator with a tactile indication 
of the start and/or end of the positioning of the endo- 
prosthesis 1 . 

The margin of error in positioning being clearly 
smaller than in the case of the known devices, the length 
of the endoprosthesis 1 can be calculated very precise- 
ly, and this permits better monitoring of the patient after 
the operation. 

The marking of the sheath 2 allows for a multiplicity 
of variants which do not depart from the scope of the 
invention. Thus, radio-detectable zones such as the 
zones 12, 13 described with reference to Figure 4 as 
"radio-invisible" can also be designed as radiopaque 
zones appearing by contrast on the path of a radio-in- 
visible sheath or with a radiopacity different from that of 
the radio-detectable zones. One of the zones 12,13 can 
also be divided in two in order to provide a useful indi- 
cation for the operator. 

Finally, these two zones 12, 13 can be joined to- 
gether so that a single segment appears on screen, the 
length and position of which segment correspond to 
those of the deployed endoprosthesis 1 . Depending on 
the characteristics of shortening of the endoprosthesis 
1, one of the zones 12, 13 may optionally be omitted. 



For the concrete realisation of the described device, 
the presence of radio-detectable zones on the sheath 2 
must not normally lead to appreciable variation in the 
internal or external diameter of this sheath 2, and, opti- 
s mally, must not introduce any interruption of continuity 
in the mechanical characteristics of the device (flexibil- 
ity, buckling resistance, etc.). 

The method for manufacturing a sheath 2 for a de- 
vice according to the invention, described hereinafter 
io with reference to Figures 7 to 9, is able to satisfy these 
requirements. 

In the case of a device intended for the positioning 
of an endoprosthesis, one begins by carrying out, for an 
endoprosthesis of given type and given diameter, a cal- 
15 ibration which allows one to determine precisely the rel- 
ative positions of the radio-detectable zones 12,13 and 
of the distal end 4 of the sheath 2 corresponding to the 
distal end 4 of the device. 

The elements of the sheath 2 are assembled using 
20 a calibrated mandrel 16, made for example of a straight- 
ened bar of stainless steel. This mandrel 1 6 guarantees 
great precision in the internal diameter of the sheath 2, 
which is an important point for the subsequent passage 
of accessories. 

25 The various components of the sheath 2 are mount- 
ed on the mandrel 16, namely: 

an internal sleeve 1 7 with a low coefficient of friction 
(made of PTFE, for example), the external surface 
30 of which is treated in such a way as to permit its 
adhesion to the other components of the sheath 2; 
a framework 1 8, which is preferably a metal braid. 

The braided configuration confers an excellent re- 
35 sistance to torsion and compression, as well as good 
resistance to kinking. In addition, the sheath thus 
strengthened is very flexible, which allows it to pass 
through very sinuous arterial systems. Excellent char- 
acteristics have been obtained using a braid comprising 
40 1 6 filaments of stainless steel with a diameter of 50 u.m. 
The sheath 2 includes a tubular matrix 19 formed 
from segments of thermoplastic materials, for example 
a mixture of rigid polymer, for example polyamide and 
elastomer, for example polyether-block-amide, sold un- 
45 der the trade name PEBAX™. 

This matrix 1 9 is formed by juxtaposition of extruded 
segments 101, 102. 

Some of these segments (for example segments 
101) comprise a charge of radiopaque material; inter- 
so posed between these there are other segments (seg- 
ments 102) which are without radiopaque charge or 
which have a level of radiopacity contrasting with that of 
the segments 101. 

The segments 102 can also consist of gaps be- 
55 tween the segments 101 . 

Matrix segments made of thermoplastic material 
and charged with different levels of a radiopaque mate- 
rial (or, if preferred, without a radiopaque charge) are 
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principle of the invention, but do not necessarily corre- 
spond to the concrete reality of the representation on a 
monitoring screen. 

An anatomical conduit 14 with a lesion 15 to be 
treated appears in grey in the figure. 

The sheath 2 also appears in grey, on account of 
the presence, in one of its layers, of a radiopaque ma- 
terial (for example a barium salt such as BaS0 4 ). 

The two radio-detectable zones 12,13, here formed 
from a segment of the sheath 2 whose layers are without 
radiopaque charge, appear in the form of two clear and 
easily identifiable discontinuities. 

It then suffices for the operator to manoeuvre the 
device via its proximal end 5 so as to bring these two 
radio-detectable zones 12, 13 into line with the lesion 
15 (as is shown in Figure 5). By holding the rod 9 in this 
position, the operator slides the sheath 2 backwards so 
that the endoprosthesis 1 deploys in the anatomical con- 
duit 1 4, precisely adopting the position defined before- 
hand by the radio-detectable zones 12, 13. 

The rod 9 and the non-traumatising tip 8 are then 
withdrawn through the passage freed by the endopros- 
thesis 1. 

As is illustrated in Figure 6, the length of the de- 
ployed endoprosthesis 1 differs notably from its initial 
length when radially contracted. 

Because the endoprosthesis 1 is released in its ide- 
al position, the trial and error manoeuvres are reduced 
to a bare minimum, and the operator is able to concen- 
trate on more tricky aspects of the operation. 

As can be seen in Figure 3, a groove 200 is dis- 
posed on the pusher 11. This groove 200, cooperating 
with a stud 201 situated on the Luer 7, forms a locking 
device which, at the moment of disengagement of the 
sheath 2, provides the operator with a tactile indication 
of the start and/or end of the positioning of the endo- 
prosthesis 1. 

The margin of error in positioning being clearly 
smaller than in the case of the known devices, the length 
of the endoprosthesis 1 can be calculated very precise- 
ly, and this permits better monitoring of the patient after 
the operation. 

The marking of the sheath 2 allows for a multiplicity 
of variants which do not depart from the scope of the 
invention. Thus, radio-detectable zones such as the 
zones 12, 13 described with reference to Figure 4 as 
•radio-invisible" can also be designed as radiopaque 
zones appearing by contrast on the path of a radio-in- 
visible sheath or with a radiopacity different from that of 
the radio-detectable zones. One of the zones 12,13 can 
also be divided in two in order to provide a useful indi- 
cation for the operator. 

Finally, these two zones 12, 13 can be joined to- 
gether so that a single segment appears on screen, the 
length and position of which segment correspond to 
those of the deployed endoprosthesis 1 . Depending on 
the characteristics of shortening of the endoprosthesis 
1 , one of the zones 12, 1 3 may optionally be omitted. 



For the concrete realisation of the described device, 
the presence of radio-detectable zones on the sheath 2 
must not normally lead to appreciable variation in the 
internal or external diameter of this sheath 2, and, opti- 
5 mally, must not introduce any interruption of continuity 
in the mechanical characteristics of the device (flexibil- 
ity, buckling resistance, etc.). 

The method for manufacturing a sheath 2 for a de- 
vice according to the invention, described hereinafter 
io with reference to Figures 7 to 9, is able to satisfy these 
requirements. 

In the case of a device intended for the positioning 
of an endoprosthesis, one begins by carrying out, for an 
endoprosthesis of given type and given diameter, a cal- 
15 ibration which allows one to determine precisely the rel- 
ative positions of the radio-detectable zones 12,13 and 
of the distal end 4 of the sheath 2 corresponding to the 
distal end 4 of the device. 

The elements of the sheath 2 are assembled using 
20 a calibrated mandrel 1 6 , made for example of a straight- 
ened bar of stainless steel. This mandrel 1 6 guarantees 
great precision in the internal diameter of the sheath 2, 
which is an important point for the subsequent passage 
of accessories. 
25 The various components of the sheath 2 are mount- 
ed on the mandrel 16, namely: 

an internal sleeve 1 7 with a low coefficient of friction 
(made of PTFE, for example), the external surface 
30 of which is treated in such a way as to permit its 
adhesion to the other components of the sheath 2; 
a framework 1 8, which is preferably a metal braid. 

The braided configuration confers an excellent re- 
35 sistance to torsion and compression, as well as good 
resistance to kinking. In addition, the sheath thus, 
strengthened is very flexible, which ajlows it to pass 
through very sinuous arterial systems. Excellent char- 
acteristics have been obtained using a braid comprising 
«o 1 6 filaments of stainless steel with a diameter of 50 urn 

The sheath 2 includes a tubular matrix 19 formed 
from segments of thermoplastic materials, for example 
a mixture of rigid polymer, for example polyamide and 
elastomer, for example polyether-block-amide, sold un- 
^5 der the trade name PEBAX™. 

This matrix 1 9 is formed by juxtaposition of extruded 
segments 101, 102. 

Some of these segments (for example segments 
101) comprise a charge of radiopaque material; inter- 
so posed between these there are other segments (seg- 
ments 102) which are without radiopaque charge or 
which have a level of radiopacity contrasting with that of 
the segments 101. 

The segments 102 can also consist of gaps be- 
55 tween the segments 101. 

Matrix segments made of thermoplastic material 
and charged with different levels of a radiopaque mate- 
rial (or, if preferred, without a radiopaque charge) are 
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one component of at least one of the layers (1 9) 
in at least one of the zones of the sheath (2), 
this at least one layer extending along most of 
the distal end of this sheath (2), 
s - the said sheath (2) comprises, near the distal 
end (4), at least one zone (12, 13) whose radi- 
opacity is lower than the radiopacity of an ad- 
jacent zone, 

at least one boundary limit between two zones 
10 of different radiopacity is disposed at a prede- 

termined distance from the distal end (4), cor- 
responding to the predetermined position of 
one of the ends of the endoprosthesis (1 ) when 
it is in place in its radially extended shape. 

15 

2. Device according to Claim 1 , characterised in that 
it comprises two boundary limits between zones of 
different radiopacity, each of these boundary limits 
being disposed at a distance from the distal end (4) 

20 of the device corresponding to the predetermined 
position of one end of the endoprosthesis (1) when 
it is in place in its radially extended shape. 

3. Device according to any one of Claims 1 and 2, 
25 characterised in that it comprises at least two zones 

(12, 13) whose radiopacity differs from the radio- 
pacity of an adjacent zone. 

4. Device according to any one of the preceding 
30 claims, characterised in that the sheath (2) compris- 
es a framework (18). 

5. Device according to Claim 4, characterised in that 
the framework (18) is braided. 

35 

6. Device according to any one of the preceding 
claims, characterised in that the sheath (2) compris- 
es at least one layer of extruded material. 

40 7. Device according to any one of the preceding 
claims, characterised in that it comprises a pusher 
(10, 11) for supporting the endoprosthesis (1), and 
a locking member (200, 201 ) able to react when the 
sheath (2) undergoes a relative displacement, with 

45 respect to the pusher (10, 11), by a length corre- 
sponding to that separating the distal end (4) of the 
device and a boundary limit between two zones of 
different radiopacity. 

so 8. Device for medical use, intended to be introduced 
into an anatomical conduit, the device comprising a 
tubular sheath (2) and having a distal end (4) and a 
proximal end (5), characterised in that 



engaged at predetermined intervals on the mandrel 16. 

This assembly is covered with a collar 20 of heat- 
shrinkable material and then undergoes heating to a 
temperature of between 200 and 300°C (Figure 8). 

This heating brings about both the fusion of the ma- 
trix 19 and the shrinkage of the collar 20, which in this 
way exerts a radial compression on the matrix 1 9 during 
fusion. After this operation, the matrix 19 has a uniform 
thickness, practically without any interruption of conti- 
nuity at the level of the radio-detectable zones 12, 13, 
and is integral with the framework 18. 

The collar 20 is made of fluorine material and for 
this reason does not adhere to the matrix 1 9. In addition, 
it ensures that the heat is confined in the sheath 2, and 
this provides for the homogeneity of the whole assem- 
bly. 

After cooling, the collar 20 is withdrawn. 

The position of the end of the sheath 2 correspond- 
ing to the distal end 4 of the device is determined pre- 
cisely with respect to that of the radio-detectable zones 
12, 1 3. The assembly of the device is traditionally com- 
pleted by overmoulding of the Luer 7, the introduction 
of the rod 9, the pushers 1 0 and 1 1 , the endoprosthesis 
1, the non-traumatising tip 8, etc. 

It goes without saying that the manufacturing pro- 
cedure can comprise a series of variants which do not 
depart from the spirit of the invention. In particular, the 
framework 18 may not extend as far as the distal end of 
the sheath 2, thereby conferring flexibility to the end of 
the device. 

In addition, the radiopaque charge material can be 
disposed in one or other layer of the sheath 2. 

Although the tubular sheath has been described in 
relation to the device for the positioning of a luminal en- 
doprosthesis according to the invention, it can also fulfil 
an important role in other therapeutic applications, for 
example the injection of contrast media into the organ- 
ism in order to trace lesions. 

In this case; the radio-detectable markings made 
during the manufacture of the sheath can permit precise 
detection of bifurcations or of blood vessels in planes 
perpendicular to the axis of the sheath. 



Claims 

1 . Device for positioning a radially extendable luminal 
endoprosthesis (1 ) in an anatomical conduit, the de- 
vice comprising a tubular sheath (2) and having a 
distal end (4) and a proximal end (5), it being pos- 
sible for a radially extendable endoprosthesis (1 ) to 
be inserted in this sheath (2) in a radially contracted 
shape, characterised in that 

the sheath (2) is made up of at least one layer 
of material (17, 18, 19) and comprises several 
zones, 

a radiopaque material is incorporated in at least 
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one component of at least one of the layers (19) 
in at least one of the zones of the sheath (2), 
said layer (19) extending along most of the dis- 
tal end of this sheath (2), 

the said sheath (2) comprises, near the distal s 
end (4), at least one zone (12, 13) whose radi- 
opacity is lower than the radiopacity of an ad- 
jacent zone, 

at least one boundary limit between two zones 
of different radiopacity is disposed at a prede- to 
termined distance from the distal end (4). 

9. Method for manufacturing a sheath (2) for a device 
according to any one of the preceding claims, char- 
acterised in that it comprises the following opera- '5 
tions 

setting up a mandrel (16), 
constructing on this mandrel (16) a thermoplas- 
tic matrix (19) which includes, alternately, at 20 
least one segment (101) of defined radiopacity 
and at least one segment (102) of different ra- 
diopacity, 

engaging a heat-shrinkable collar (20) on the 
matrix (19), 2s 
subjecting the whole arrangement to a thermal 
treatment which is able to trigger the radial 
shrinkage of the collar (20) and the fusion of the 
segments (101, 102) of the matrix (19), 
removal of the collar (20) and of the mandrel 30 
(16). 

10. Method of manufacture according to Claim 9, char- 
acterised in that it comprises the following opera- 
tion: 3S 

prior to thermal treatment, insertion of an inter- 
nal sleeve (17) with a low coefficient of friction, 
placed beneath the matrix (1 9). 

40 

11. Method of manufacture according to either of 
Claims 9 and 10, characterised in that it comprises 
the following operation: 

prior to thermal treatment, insertion of a frame- 45 
work (18), placed beneath the matrix (19). 
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